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Purpose: To detect glutathione (GSH) in oral squamous carcinoma cells (OSCCs) with a GSH selective
fluorescent probe during the course of oxidative stress and apoptosis.
Materials andMethods: A novel GSH probewas applied to assess GSH in human tongue squamous cell
carcinoma cells (cal-27). The cellular GSH and reactive oxygen species (ROS) levels were assessed with a
GSH probe and DCF-DA (2,7-dichlorofluorescin diacetate) probe. The mitochondrial GSH and ROS levels
were assessed with a GSH probe, DCF-DA probe, and Mitotracker Red CM-H2XRos probe (Invitrogen,
Carlsbad, CA). To further study whether oxidative stress would induce apoptosis of OSCCs, we then
applied a GSH probe and annexin V–fluorescein isothiocyanate probe to assess cellular GSH levels and
eversion of phosphatidylserine, and the cellular GSH levels and mitochondrial membrane potential
(DJm)were assessedwith a GSH probe and JC-1 probe during the course of oxidative stress and apoptosis
induced by hydrogen peroxide and ethacrynic acid. The fluorescence was observed under laser confocal
fluorescence microscopy.
Results: The intensity of fluorescence that represented intracellular alteration of GSH levels, cellular
ROS formation, mitochondrial ROS formation, and apoptosis occurrence, respectively, could be visualized
under laser confocal fluorescence microscopy.
Conclusions: The GSH selective fluorescent probe can evaluate cellular GSH levels sensitively during
the course of oxidative stress and apoptosis of OSCCs induced by exogenous hydrogen peroxide, which
could be enhanced by depletion of mitochondrial GSH.
 2016 The Authors. Published by Elsevier Inc. on behalf of American Association of Oral and Maxil-
lofacial Surgeons. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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223.e2 GLUTATHIONE IN ORAL SQUAMOUS CELL CARCINOMAOral squamous cell carcinoma is the most common
head and neck malignant neoplasm, with high recur-
rence and metastasis rates. Chemotherapy is one
of the main therapeutic strategies and suffers more
and more resistance.1 Reactive oxygen species (ROS)
are the most plentiful free radicals with unpaired elec-
trons in mammalian cells.2 ROS formation is the funda-
mental instrument of chemotherapy agents and
ionizing radiation, based on the rationale that persis-
tent oxidative stress can cause the collapse of the
intracellular antioxidant system and apoptosis of
tumor cells.3,4 The intracellular oxidation-reduction
(redox) state remains homeostasis, which is tightly
regulated by intracellular antioxidant systems.5 Gluta-
thione (L-g-glutamyl-L-cysteinyl-glycine, GSH) is the
most abundant non-protein thiol and redox buffer in
mammalian cells to provide the first-line defense
of ROS.6,7 GSH can not only directly interact with
ROS or act as a substrate for different enzymes to
eliminate endogenous and exogenous compounds,
but also conjugate with xenobiotics such as
chemotherapy agents directly.8-10 So there is an
intimate relationship between high GSH levels and
anticancer drug resistance.11,12
Most ROS are generated from the mitochondrial
respiratory chain.3 Mitochondrial DNA, lipids, and
proteins are susceptible to be damaged by oxidative
stress because they are closer to the region where
ROS are produced.13 Therefore, mitochondria play a
considerable role in apoptosis induced by oxidative
stress, which is executed through an external or
internal pathway and depends on mitochondrial
dysfunction.14,15 ROS can activate apoptosis
through a mitochondrial pathway by opening of the
mitochondrial permeability transition pore.8 GSH is
synthesized in cytoplasm and distributed into intra-
cellular organelles mainly including mitochondria,
nucleus, and endoplasmic reticulum.9 Mitochondrial
glutathione (mtGSH) plays a pivotal role in retaining
mitochondrial redox homeostasis and helping
cells escape apoptosis.12,13 Oxidative damage to
mitochondria can be prevented by mtGSH chiefly
through the role of mitochondrial S-transferases
(GSH S-transferase).13 Thus, mitochondrial dysfunc-
tion, mitochondrial permeability transition pore
opening and subsequent apoptotic cascade all result
from inhibition of mtGSH.16,17
During the past several years, a few fluorescent
probes have been reported for quantitative detection
of GSH.18 We have already devised a colorimetric
and ratiometric fluorescent probe to detect GSH in
living HeLa cells.19 In this research, the GSH selec-
tive probe was applied to investigate the relationship
between depletion of GSH and apoptosis of oral
squamous carcinoma cells (OSCCs). Hydrogenperoxide (H2O2), the representative of ROS, is
always applied to model oxidative stress.20 Etha-
crynic acid (EA), an effective inhibitor of GSH
S-transferase P1-1, can deplete more mtGSH than
cytoplasmic GSH and has been proved to enhance
the toxic effect of chemotherapeutic agents such as
cisplatin.17,21-23 Variation of fluorescence intensity
that represented intracellular alteration of GSH
levels, cellular ROS formation, mitochondrial ROS
formation, and apoptosis occurrence, respectively,
could be visualized under laser confocal
fluorescence microscopy. The level of GSH and
cellular and mitochondrial ROS formation, as well
as apoptosis occurrence, could be evaluated by
observing the variation of fluorescence intensity
under laser confocal fluorescence microscopy.
The purpose of this study was to determine
whether the GSH selective fluorescent probe could
be applied to detect alteration of cellular GSH levels
sensitively during the course of oxidative stress and
apoptosis of OSCCs induced by exogenous H2O2,
as well as enhanced by depletion of mtGSH. The
intact process of oxidative stress and apoptosis of
OSCCs by depletion of GSH and mtGSH could be
visualized. It proved that depletion of cellular GSH
and mtGSH would facilitate apoptosis during the
course of oxidative stress through the study, which
showed a promising way to avoid resistance to
therapy by monitoring GSH levels of patients who
received chemotherapy or radiotherapy with
the probe.Materials and Methods
REAGENTS
The GSH fluorescent probe was provided by Pro-
fessor Baocun Zhu (School of Resources and Environ-
ment, University of Jinan, Jinan, China). The
following products were used for this study: Dulbec-
co’s modified eagle medium high-glucose culture me-
dium, fetal bovine serum, streptomycin-penicillin,
and 0.25% trypsin (HyClone; GE Healthcare, Bucking-
hamshire, UK); N-acetyl-L-cysteine (NAC), H2O2, EA,
and dimethyl sulfoxide (Sigma-Aldrich, St Louis,
MO); Mitotracker Red CM-H2XRos (Invitrogen, Carls-
bad, CA); ROS Assay Kit (Nanjing Jiancheng Bioengi-
neering Institute, Nanjing, China); and mitochondrial
membrane potential assay kit with JC-1 and annexin
V–fluorescein isothiocyanate (FITC) Apoptosis Detec-
tion Kit (BIOBOX, Nanjing, China).CELL CULTURE
Human tongue squamous cell carcinoma cell lines
(cal-27) were provided by Professor Wantao Cheng
ZHOU ET AL 223.e3(The Ninth People’s Hospital Affiliated to Shanghai
Jiao Tong University, Shanghai, China). The cells
were cultured in Dulbecco’s modified eagle medium
supplemented with 10% fetal bovine serum and 1%
streptomycin-penicillin and were maintained in an
incubator containing a 5% carbon dioxide/air environ-
ment at 37C. The cells were cultured in 25-cm2 cul-
ture flasks and harvested in a logarithmic phase of
growth with 0.25% trypsin.APPLICATION OF GSH PROBE TO ASSESS GSH
LEVELS
First, we applied the GSH probe to detect alter-
ation of GSH levels in the cal-27 cells during the
course of oxidative stress induced by exogenous
H2O2 and depletion of mtGSH. In brief, 1  104
cal-27 cells were seeded in a 15-mm glass-bottom
cell culture dish (NEST Biotechnology, Hong Kong,
China) and cultured for 24 hours under the same
conditions described earlier. The cells were then
incubated with the GSH fluorescent probe
(10 mmol/L) for 20 minutes at room temperature
(20C) and treated with 100-mmol/L H2O2 for
30 minutes. The cells were washed gently with
phosphate-buffered saline solution (PBS) twice and
treated with 1-mmol/L NAC for 1 hour. Finally, after
the cells were washed gently with PBS twice,
50-mmol/L EA was added to the cells for 30 minutes.
Blue fluorescence, which represented cellular GSH
levels, was observed under a laser confocal fluores-
cence microscope at an excitation wavelength of
340 nm, and the observed field of the microscope
remained the same.ASSESSMENT OF INTRACELLULAR ROS AND GSH
LEVELS
ROS levels were assessed using the ROS Assay Kit.
In brief, 1  104 cal-27 cells were harvested and
cultured under the same conditions described
earlier. The cells were then incubated with DCF-DA
(2,7-dichlorofluorescin diacetate) (10 mmol/L) for
30 minutes at room temperature (20C) to detect
ROS and with the GSH probe (10 mmol/L) for the
last 20 minutes at room temperature (20C) to detect
GSH. Following the manufacturer’s instructions,
green fluorescence and blue fluorescence, which
represented ROS and GSH levels, were observed
under the laser confocal microscope at excitation
wavelengths of 500 and 340 nm, respectively. After
the cells were treated with 100-mmol/L H2O2 for
30 minutes, alteration of the fluorescence was
imaged. Then the cells were washed gently with
PBS twice and treated with 50-mmol/L EA for another
30 minutes.ASSESSMENT OF MITOCHONDRIAL ROS AND GSH
LEVELS
Next, we further detected mitochondrial ROS for-
mation after oxidative damage by exogenous H2O2
and depletion of mtGSH by EA. We applied Mito-
tracker Red CM-H2XRos to locate mitochondria. In
brief, 1 104 cal-27 cells were harvested and cultured
in a 15-mm glass-bottom cell culture dish for 24 hours
under the same culture conditions described earlier.
The cells were then incubated with DCF-DA
(10 mmol/L) for 30 minutes at room temperature
(20C) to detect ROS, with the GSH fluorescent probe
(10 mmol/L) for 20 minutes at room temperature
(20C) to detect GSH, and with Mitotracker Red
CM-H2XRos (200 nmol/L) to stain mitochondria for
20 minutes at room temperature (20C). Green,
blue, and red fluorescence was observed under the
confocal microscope at excitation wavelengths of
500, 340, and 579 nm, respectively, following the man-
ufacturer’s instructions. Subsequently, the cells were
treated as described earlier.ANNEXIN V–FITC STAINING FOR APOPTOSIS AND
ASSESSMENT OF GSH LEVELS
We used the annexin V–FITC probe to detect ever-
sion of phosphatidylserine, which meant pristine
apoptosis. In brief, 1  104 cal-27 cells were har-
vested and cultured in a 15-mm glass-bottom cell cul-
ture dish for 24 hours under the same culture
conditions described earlier. The cells were then
incubated with the GSH fluorescent probe
(10 mmol/L) for 20 minutes at room temperature
(20C) to detect GSH and with the annexin V–FITC
probe (5 mL of annexin V–FITC plus 500 mL of
binding liquid) for the last 10 minutes at room tem-
perature (20C) to detect eversion of phosphatidyl-
serine. Following the manufacturer’s instructions,
blue fluorescence, which meant GSH levels, and
green fluorescence, which meant eversion of phos-
phatidylserine, were observed under the laser
confocal fluorescence microscope at excitation
wavelengths of 340 and 488 nm, respectively. Subse-
quently, the cells were treated as described earlier
and alteration of fluorescence was imaged.ASSESSMENT OF MITOCHONDRIAL MEMBRANE
POTENTIAL (DJM) AND GSH LEVELS
We used a JC-1 probe to detect loss of mitochon-
drial transmembrane potential. In brief, the cal-
27 cells were harvested and cultured in a 15-mm
glass-bottom cell culture dish for 24 hours under
the same culture conditions described earlier. The
cells were washed twice with 1x JC-1 binding liquid
and incubated with 500 mL of JC-1 working solution
223.e4 GLUTATHIONE IN ORAL SQUAMOUS CELL CARCINOMAat room temperature (20C) for 20 minutes; then the
cells were washed gently with PBS twice and incu-
bated with 10-mmol/L GSH probe at room tempera-
ture (20C) for another 20 minutes. Following the
manufacturer’s instructions, red fluorescence, which
represented JC-1 polymer, and blue fluorescence,
which represented GSH levels, were observed under
the laser confocal fluorescence microscope at excita-
tion wavelengths of 535 and 340 nm, respectively.FIGURE 1. Laser confocal microscope images of glutathione probe in cal
incubatedwith glutathione probe (10 mmol/L) for 20minutes. B, Fluorescen
for 30minutes.C, Fluorescence image of cal-27 cells treated with 1-mmol/
treated with 50-mmol/L ethacrynic acid for another 30 minutes.
Zhou et al. Glutathione in Oral Squamous Cell Carcinoma. J Oral MaxiSubsequently, the cells were treated as described
earlier and alteration of fluorescence was imaged.Results
ASSESSMENTOFCELLULARGSHQUANTITATIVELY IN
CAL-27 CELLS
After the cal-27 cells were incubated with the GSH
probe for 20 minutes, intensive blue fluorescence-27 cells (magnification20). A, Fluorescence image of cal-27 cells
ce image of cal-27 cells treatedwith 100-mmol/L hydrogen peroxide
LN-acetyl-L-cysteine for 1 hour.D, Fluorescence image of cal-27 cells
llofac Surg 2017.
ZHOU ET AL 223.e5was observed using an excitation wavelength of
340 nm (Fig 1A). After 100-mmol/L H2O2 was added
to the cells for 30 minutes, a decrease in the blue fluo-
rescence could be observed (Fig 1B). Then the cells
were treated with 1-mmol/L NAC (GSH precursor)
for 1 hour, and the cal-27 cells emitted substantial
blue fluorescence again (Fig 1C). Finally, after
50-mmol/L EA was added to the cells for another
30 minutes, as shown in Figure 1D, the blue fluores-
cence declined obviously to almost disappearance.FIGURE 2. Laser confocal microscope images of glutathione and DCF-DA
tion10).A, Fluorescence images of cal-27 cells incubated with glutathion
images of previous cells treated with 100-mmol/L hydrogen peroxide for
50-mmol/L ethacrynic acid for another 30 minutes.
Zhou et al. Glutathione in Oral Squamous Cell Carcinoma. J Oral MaxiINTRACELLULAR ROS FORMATIONWAS ENHANCED
BY DEPLETION OF MTGSH
We applied the DCF-DA to assess intracellular ROS
formation, and the green fluorescence was observed
with the confocal microscope using an excitation
wavelength of 500 nm. Before treatment, the cal-
27 cells displayed intensive blue fluorescence and faint
green fluorescence (Fig 2A), which indicated high
levels of GSH and low levels of ROS. After the cells
were treated with H2O2, green fluorescence was(2,7-dichlorofluorescin diacetate) probe in cal-27 cells (magnifica-
e probe for 20 minutes and DCF-DA for 30 minutes. B, Fluorescence
30 minutes. C, Fluorescence images of previous cells treated with
llofac Surg 2017.
223.e6 GLUTATHIONE IN ORAL SQUAMOUS CELL CARCINOMAenhanced and blue fluorescence was weakened
(Fig 2B), which indicated ROS levels increased and
GSH levels decreased. Especially after the cells were
treated with EA, we could see that green fluorescence
increased and blue fluorescence decreased more obvi-
ously compared with the effect of H2O2 (Fig 2C).
MITOCHONDRIAL ROS FORMATION WAS
ENHANCED BY DEPLETION OF MTGSH
Mitotracker Red CM-H2XRos can be concentrated
and retained in mitochondria when apoptosis
occurs. We applied Mitotracker Red CM-H2XRos,
which emitted intense red fluorescence at the excita-
tion wavelength of 579 nm to locate mitochondria.
Before treatment, the cal-27 cells displayed intensive
blue fluorescence and faint green fluorescence as
described earlier. The merging of mitochondria and
GSH displayed intense purple fluorescence, which
indicated high mtGSH levels, whereas the merged im-
age of mitochondria and ROS displayed feeble orange
fluorescence, which indicated low mitochondrial
ROS levels (Fig 3A). After the cells were treated
with 100-mmol/L H2O2 for 30 minutes, the blue fluo-
rescence attenuated and the green fluorescence
intensified. Accordingly, the merged purple fluores-
cence attenuated and the merged orange fluores-FIGURE 3. Laser confocal microscope images of glutathione, DCF-DA (
probe in cal-27 cells (magnification 10). A, Fluorescence images of cal
for 30 minutes, and Mitotracker Red CM-H2XRos for 20 minutes. B, Fluore
peroxide for 30 minutes. C, Fluorescence images of previous cells treated
Zhou et al. Glutathione in Oral Squamous Cell Carcinoma. J Oral Maxicence intensified, which indicated that mtGSH
levels decreased and mitochondrial ROS levels
increased (Fig 3B). Then, after 50-mmol/L EA was
added to the cells for the next 30 minutes, a substan-
tial decrease in blue emission and a substantial in-
crease in green emission could be viewed, and the
merged purple fluorescence attenuated and the
merged orange fluorescence intensified obviously
(Fig 3C).
EVERSION OF PHOSPHATIDYLSERINE WAS
ENHANCED BY DEPLETION OF MTGSH
Intracellular ROS formation and depletion of
GSH are associated with apoptosis.24,25 So we tried
to apply the GSH selective probe to show the
correlation between depletion of mtGSH and
apoptosis. The annexin V–FITC probe displayed
green fluorescence at an excitation wavelength of
488 nm. Before treatment, the annexin V–FITC probe
in the cal-27 cells displayed feeble green fluorescence
and the GSH probe emitted intense blue fluorescence
(Fig 4A), which proved that high levels of GSH could
prevent cell apoptosis.26,27 When 100-mmol/L H2O2
was added for 30 minutes along with the cells, blue
fluorescence attenuated and green fluorescence
intensified (Fig 4B). Subsequently, after the cal-27 cells2,7-dichlorofluorescin diacetate), and Mitotracker Red CM-H2XRos
-27 cells incubated with glutathione probe for 20 minutes, DCF-DA
scence images of previous cells treated with 100-mmol/L hydrogen
with 50-mmol/L ethacrynic acid for another 30 minutes.
llofac Surg 2017.
FIGURE 4. Laser confocal microscope images of glutathione and annexin V–fluorescein isothiocyanate probe in cal-27 cells
(magnification 10). A, Fluorescence images of cal-27 cells incubated with glutathione probe for 20 minutes and annexin V–fluorescein iso-
thiocyanate probe for 10minutes. B, Fluorescence images of previous cells treated with 100-mmol/L hydrogen peroxide for 30minutes.C, Fluo-
rescence images of previous cells treated with 50-mmol/L ethacrynic acid for another 30 minutes.
Zhou et al. Glutathione in Oral Squamous Cell Carcinoma. J Oral Maxillofac Surg 2017.
ZHOU ET AL 223.e7were treated with 50-mmol/L EA for the next
30 minutes, blue fluorescence nearly disappeared
and the cells gave rise to a substantial increase in green
emission (Fig 4C).LOSS OF MITOCHONDRIAL MEMBRANE POTENTIAL
WAS ENHANCED BY DEPLETION OF MTGSH
The decline of mitochondrial membrane potential
(DJm) is an early landmark event of apoptosis.28In our study, we used the JC-1 probe to examine
loss of mitochondrial membrane potential of the
cal-27 cells after oxidative stress and depletion of
mtGSH. Before treatment, high levels of GSH in the
cal-27 cells emitted intense blue fluorescence. At
this time, the JC-1 probe mainly existed in the form
of polymer and emitted intense red fluorescence
(Fig 5A). Figures 5B and C show that after the cal-
27 cells were treated with H2O2 and EA consecu-
tively, the blue fluorescence weakened rapidly, which
FIGURE 5. Laser confocal microscope images of glutathione and JC-1 probe in cal-27 cells (magnification 10). A, Fluorescence images of
cal-27 cells incubated with glutathione probe for 20 minutes and JC-1 polymer probe for 20 minutes. B, Fluorescence images of previous cells
treated with 100-mmol/L hydrogen peroxide for 30 minutes. C, Fluorescence images of previous cells treated with 50-mmol/L ethacrynic acid
for another 30 minutes.
Zhou et al. Glutathione in Oral Squamous Cell Carcinoma. J Oral Maxillofac Surg 2017.
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ZHOU ET AL 223.e9indicated intracellular GSH levels decreased. At the
same time, loss of mitochondrial membrane potential
led to decomposition of the JC-1 polymer and a sub-
stantial decrease in red emission in the cal-27 cells.Discussion
The main problem confronted in the treatment of
OSCCs is resistance to chemotherapy and radio-
therapy with the mechanism of ROS formation.14
However, GSH is a substantial factor that correlates
with resistance to chemotherapy agents such as
cisplatin.29 Recent studies have proved that the
breaking of the cellular redox equilibrium is critical
to the progression of apoptosis, which can be pre-
vented by the prohibition of GSH depletion. Thus,
the depletion of GSH is thought to be a promising strat-
egy of decreasing chemotherapy resistance and
inducing apoptosis through both extrinsic and
intrinsic apoptotic pathways.8 GSH is synthesized in
cytoplasm and then distributed into several organelles
including mitochondria. Although possessing only
about 10 to 15% of the total cell, the concentration
of mtGSH is higher than other compartments because
of the tiny volume of mitochondria.13 Moreover, mito-
chondria are the main source of ROS and depend high-
ly on mtGSH to deal with ROS formation and prevent
oxidative stress. Otherwise, oxidative stress can cause
dysregulation of mitochondria to induce the apoptotic
cascade.30 Therefore, mtGSH is important in protect-
ing tumor cells from chemotherapy agents.10 Mito-
chondrial GSH can not only prevent accumulation of
ROS but also protect mitochondria from oxidative
damage.8,31 Direct depletion of mtGSH can induce or
facilitate apoptosis even if without enough oxidative
stress.16 Oxidative stress and a few GSH depletion
agents, such as buthionine sulfoximine, just decrease
GSH of cytoplasm, but not GSH in mitochondria.12
Therefore, EA—a specific inhibitor of mtGSH—was
applied to enhance oxidative stress and apoptosis of
cal-27 cells induced by exogenous H2O2.
In our study, after cal-27 cells were incubated with
the GSH fluorescent probe for 20 minutes, intense
blue fluorescence positively correlating with GSH
levels could be observed. Then the cells were treated
with exogenous H2O2 and EA, which act as chemo-
therapy agents for different tests. Initially, a substan-
tial decrease in blue fluorescence, which meant a
rapid decrease in the cellular GSH level, could be
observed, proving that the probe could detect GSH
effectively and instantaneously. DCF-DA and Mito-
tracker Red CM-H2XRos probes were then used to
detect both intracellular and mitochondrial ROS for-
mation and investigate whether cellular oxidative
stress occurred. The results showed that along with
the rapid decrease in GSH levels, intracellular ROSwas formed after cells were treated with exogenous
H2O2 and ROS formation was enhanced by the deple-
tion of mtGSH. Mitochondrial ROS also was formed
when the cells were treated with exogenous H2O2,
and the formation of mitochondrial ROS was
enhanced by EA; these findings prove that the deple-
tion of GSH by H2O2 could induce cellular and
mitochondrial oxidative stress, which was enhanced
by EA, the scavenger of mtGSH. ROS formation
and depletion of GSH were associated with
apoptosis.24,25 Eversion of phosphatidylserine meant
pristine apoptosis. The decline of mitochondrial
membrane potential is an early landmark event of
apoptosis and usually implies that apoptosis is
irreversible.6,28-31 Depletion of cellular GSH is a
hallmark during earlier stages of apoptosis and can
induce cells to be susceptible to an apoptotic
stimulus or directly induce cells to undergo
apoptosis by either opening the permeability
transition pore or activating caspases.8 Further efforts
were made to find whether oxidative stress would
induce apoptosis of OSCCs. Annexin V–FITC and
JC-1 probes were to detect the eversion of phosphati-
dylserine and the loss of the transmembrane potential
of mitochondria. As we expected, apoptosis occurred
after the depletion of GSH and was enhanced by EA.
As the result of this research, the course of oxidative
stress and the apoptosis, along with the rapid
decrease in cellular GSH, could be visualized by the
GSH selective fluorescent probe.
There are already a few fluorescent probes that have
been devised to detect intracellular GSH levels. How-
ever, to our knowledge, most of these probes were
simply applied to show alteration of GSH levels of
HeLa cells or living animals.18,32 In our study, we
used a novel fluorescent probe19 to detect alteration
of GSH levels in living oral squamous cell carcinoma
cells during the course of oxidative stress and
apoptosis induced by exogenous H2O2 and EA for
the first time. The occurrence of oxidative stress and
apoptosis of the OSCCs could be visualized. Through
variation of fluorescence intensity, we could make
clear that depletion of mtGSH with EA could enhance
oxidative stress and apoptosis. The relationship
between decrease in cellular GSH and apoptosis of
OSCCs could be visualized directly. Variation of fluo-
rescence intensity, which represented intracellular
alteration of GSH levels, cellular ROS formation, mito-
chondrial ROS formation, and apoptosis occurrence,
respectively, could be visualized under laser confocal
fluorescence microscopy. All these cells were treated
and observed consecutively, so we could visualize
the alteration of the fluorescence under the
same vision.
The effect of this study indicated that the fluores-
cent probe could detect cellular GSH effectively
223.e10 GLUTATHIONE IN ORAL SQUAMOUS CELL CARCINOMAand depletion of mtGSH with EA, which enhanced
oxidative stress and apoptosis of OSCCs induced by
exogenous H2O2. In our study, we assumed the role
of exogenous H2O2 as a chemotherapeutic drug. So
we thought depletion of mtGSH was able to enhance
oxidative stress and apoptosis of OSCCs during
chemotherapy. However, this study lacked a quantita-
tive analysis and more experimental research is
needed to apply the probes in clinical trials.
Our study showed that the GSH selective fluores-
cent probe can be applied to detect alteration of
cellular GSH levels sensitively during the course of
oxidative stress and apoptosis of OSCCs induced by
exogenous H2O2 and enhanced by depletion of
mtGSH. The greatest advantage of the GSH probe is
that we can visualize the intact process in real time
and quantitatively. At last, we can draw the conclusion
that depletion of mtGSH could enhance apoptosis of
the cal-27 cells induced by oxidative stress.
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